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Abstract:

Aim of this paper was to investigate the effects of grit size and wood species on mass concentration and size
distribution of wood dust produced by hand-held belt sander. Experimental study was designed as 2x2 full
factorial experiments. Experimental parameters and their levels were abrasive grain size (P80, P120) and wood
species (European beech (Fagus sylvatica L.), Norway spruce (Picea abies)).The mass concentration of emitted
wood dust was measured using aerosol monitor (TSI Inc., DustTrak DRX 8533). Sampler head was sited in place
representing breathing zone of operator of sander. The results was analysed employing the analysis of variance
(ANOVA) with 5% of significance level. Real-time measurements demonstrated that spruce wood generated
higher dust concentrations than beech wood due to difference in abrasion durability. Compared to sanding
belt with P80 grit size, approximately 16%-32% higher dust concentration was generated when the sanding

belt with P120 grit size was used.
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INTRODUCTION

Sanding with hand-held powered tools has been recog-
nized as one of the most significant factor in personal ex-
posure to wood dust in the woodworking industry. Expo-
sures to wood dust may cause non-malignant respiratory
effects such as occupational asthma, increased bronchial
responsiveness, upper and lower respiratory tract symp-
toms and inflammation, and impaired lung function [14].
The most serious health effect is the risk of nasal and sino-
nasal cancers which have been observed predominantly
among workers exposed to hardwood dusts, such as those
from beech and oak [1]. According to Machinery Directive
2006/42/EC, belt sander has to meet the basic safety re-
quirements related to the health hazards caused by the
emission of sanding dust. Although majority of hand-held
belt sanders are equipped with integrated dust extraction
system, its efficiency is usually insufficient [2]. Assessing
the emission rate of this machine is then necessary in or-
der to propose recommendations regarding their choice
[3]. Standard [11] specifies a procedure how to measure
the dust concentration produced by an electric power tool
under standardized conditions representing typical appli-
cations. The mass concentration and particle size distribu-
tion of the wood dust generated in the sanding process is
influenced by several factors. These factors, according to
[12], can be divided into three groups that characterize
the properties of sanded wood, the properties of the
abrasive and the parameters of the sanding process. Fac-
tors as wood density and hardness [9], moisture content

of the wood [13], grain size of coated abrasive [6], type of
sander [6], sanding pressure [12], cutting speed [12], and
sanding direction [7] have been investigated.

Aim of this paper was to investigate the effects of grit size
and wood species on mass concentration and size distri-
bution of wood dust produced by hand-held belt sander.

MATERIALS AND METHODS

The mass concentration of wood dust was investigated in
sanding operation as function of abrasive grain size and
wood species. Experimental study was designed as 2x2
full factorial experiments. Experimental parameters and
their levels were as follows: abrasive grain size (P80, P120)
and wood species (European beech (Fagus sylvatica L.),
Norway spruce (Picea abies)). A photograph of experi-
mental setup is shown in Fig. 1. The input material for the
production of the test specimens were cuts of beech and
spruce, which were cut to the required dimension of 500
mm x 150 mm x 150 mm by the longitudinal cutting using
band saw and following by the cross cutting using chain
saw. The humidity of the test samples was determined
gravimetrically and ranged from 11% to 12%. Sanding was
performed using a commercially available hand-held belt
sander (Bosch, PBS 75 A) without dust box. No-load belt
speed was 350 m-min-1. Sanding belt (Klingspor Inc.,
model LS309XH) was replaced after each measurement.
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aerosol monitor belt sander test specimen

Fig. 1 Experimental set-up

The mass concentration of emitted wood dust was meas-
ured using aerosol monitor (TSI Inc., DustTrak DRX 8533).
Before each measurement, zero calibration of the instru-
ment was performed. Sampling period (3 minutes) was es-
timated from the time required to sand the test specimen.
Five repetitions were performed in each trial. For the pur-
pose of this study, the flow rate was adjusted to 2 |/min
so that, an IOM sampler could be connected to the inlet
nozzle on monitor using short length of Tygon tubing.
Sampler head was sited in place representing breathing
zone of operator of sander. To verify adequate cleaning
and ventilation after each measurement, the background
concentration in test room was monitored using a pho-
tometer (Casella CEL Inc., CEL-712 MicroDust Pro).

The experimental study was conducted in a test room that
fulfils requirements according to standard EN 50632-1.
Although the temperature and relative humidity inside
the test room were not regulated, they remained fairly
constant between 20-21°C and 39-40%, respectively,
throughout the tests. Average air velocity at sampling
point was measured using anemometer (Testo SE & Co.,
Testo 415), it ranging from 0.21 m-s-1 to 0.28 m-s-1.

Data analysis was performed with statistical software
(StatSoft Inc., Statistica v.10). Two-factor analysis of vari-
ance was used to determine the influence of type of wood
and abrasive grain size on the magnitude of generated
wood dust mass concentration. The significance level was
set at p =0.05.

RESULTS

The influence of the type of wood and grain size of the
abrasive on the magnitude of the mass concentration of
the inhalable fraction of wood dust is shown in Fig. 2. Val-
ues of inhalable fraction are arithmetic means of five
measurements. The statistical results suggest significant
effect of wood species (F(1.16) = 9.979, p = 0.006) and
grain size of the abrasive (F(1.16) = 15.140, p = 0.001) on
mass concentration of wood dust. Interaction of exam-
ined variables has no statistical significant effect on mass
concentration (F(1.16) = 1.263, p = 0.277).
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Fig. 2 Effect of wood species and abrasive grain size on inhala-
ble fraction of wood dust mass concentration

Fig. 3 presents the effect of the type of wood and grain
size of the abrasive on the magnitude of the mass concen-
tration of the respirable fraction of wood dust. Values of
inhalable fraction are arithmetic means of five measure-
ments. The results of analysis of variance have confirmed
important influence only for grain size of the abrasive
(F(1.16) = 14.958, p = 0.013) on mass concentration of
wood dust.
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Fig. 3 Effect of wood species and abrasive grain size on respira-
ble fraction of wood dust mass concentration

DISCUSSION AND CONCLUSIONS

This study investigated the generation of wood dust dur-
ing sanding two different wood species with two different
grit sizes of the sanding paper by hand-held belt sander.
For this study two well-know and often used wood species
— one coniferous and one hardwood species have been
chosen. Real-time measurements demonstrated that
spruce wood generated higher dust concentrations than
beech wood due to difference in abrasion durability. Com-
pared to the beech specimen, approximately 7%-29%
higher dust concentration was generated when the
spruce specimen was sanded. Results of our study confirm
effect of wood species only on inhalable mass concentra-
tion of wood dust. We suppose that this could be due lim-
itation in the size range (0,1 um-15 um) of aerosol moni-
tor among other. Influence of grit size did seem to have a
significant impact on the generation of wood dust. As ex-
pected, sanding belt with P120 grit size produced higher
dust concentrations than sanding belt with P80 grit size
due to enhanced production of small particles. Compared
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to sanding belt with P80 grit size, approximately 16%-32%
higher dust concentration was generated when the sanding
belt with P120 grit size was used. Comparing results of
wood dust concentration evaluation from different experi-
mental setups and field measurements reported in the lit-
erature is very difficult. However, results of this study are in
agreement with previous studies [4, 5, 7, 8, 9, 10, 12, 16]
who found that harder woods and coarsest abrasive grit
produced a lower rate of dust production.

Various limitations to this study need to be considered.
First, the pressure exerted during sanding also influences
mass concentration and size distribution of generated
wood dust. Design of the study did not allow to physically
controlling this pressure. However, we choose a method
where all the sanding experiments were performed by the
same person using the least possible sanding pressure to
make experiments in a repeatable way. Second, correct cal-
ibration of the aerosol monitor is a basic prerequisite for
obtaining meaningful data. Due to the fact that for the pur-
pose of the study, it was sufficient to know the relative
mass concentration values and at the same time we assum-
ing that the optical properties of beech and spruce wood
aerosols are not diametrically different, the corresponding
calibration factors were not determined.

Multi-objective optimization of sanding process parame-
ters involves except traditional objective, like production
cost or surface quality, also health and safety requirements.
The concentration of airborne contaminant inhaled by op-
erator of sander is determined by the wood dust genera-
tion rate and airflow field that transport it into the breath-
ing zone. As observed in this study, it is clear that use of
hand-held belt sander without appropriate engineering
control increases exposure potential to inhaled particles
that could have a negative health effect on operators de-
pending on the type of particle, occupational setting, inten-
sity, duration, and frequency of exposure. In terms of effec-
tiveness, it is beneficial to consider the control of inhalation
exposure of sanding machine operator as three distinct
components: control at the point of release or source, pre-
vent or control transmission of the wood dust to the oper-
ator and protection of the operator to minimize exposure
[15]. Hand-held belt sander specific exposure control
measures include integrated local exhaust ventilation, mo-
bile local exhaust ventilation, downdraft table and respira-
tory protection equipment. The most effective way of re-
ducing dust exposure is to reduce the emission of dust at
the source. In order to minimize wood dust emission during
sanding with hand-held belt sander our further research ef-
forts will be focused on investigation of other factors such
a type of sander and development of the system for sand-
ing pressure monitoring.
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